Smoking has many adverse effects on the musculoskeletal system, particularly on the outcomes after orthopaedic surgery. Smoking is associated with surgical site infection and postoperative wound complications after spine surgery, total joint arthroplasty, and fracture fixation; nonunion after spinal fusion, ankle fusion, osteotomy, and internal fixation and bone grafting for scaphoid nonunion; worse outcomes after lumbar disc prolapse, spinal stenosis, and cervical myelopathy surgery; periprosthetic joint infection and lower survival after total hip, knee, and shoulder arthroplasty; worse outcome after shoulder rotator cuff repair and anterior cruciate ligament reconstruction; and wound complications after microsurgery. Orthopaedic surgeons should inform smokers and motivate them to quit smoking before orthopaedic operations. 中 文 摘 要 Journal of Orthopaedics, Trauma and Rehabilitation J o u r n a l h o m e p a g e s : w w w . e -j o t r . c o m & w w w . e j o t r . o rg http://dx.
Introduction
Smoking is the leading cause of preventable disease and premature death (smokers die 13 years earlier than non-smokers) in the United States. About 7000 persons die from smoking-related diseases and 1300 persons die from passive smoking each year in Hong Kong. Smoking causes lung, liver, colorectal, bladder, kidney, and other cancers. Smoking is a major cause of chronic obstructive pulmonary disease, cardiovascular diseases (hypertension, heart attack, stroke, and peripheral arterial disease), diabetes, and eye disease (cataract and macular degeneration). Other than these commonly known facts, smoking actually causes disease in nearly every organ and has many adverse effects on the musculoskeletal system, particularly on the outcomes after orthopaedic surgery. Orthopaedic surgeons should be aware of such adverse effects of smoking on orthopaedic surgery, educate and advise patients on these negative effects, and encourage and help patients to quit smoking before orthopaedic surgery.
This study aimed to review the literature to identify the adverse effects of smoking on orthopaedic surgery. When applicable, the level of evidence of studies quoted referred to that used by Journal of Bone Surgery American Volume (revised January 2015) as adapted from the Oxford Centre for Evidence-Based Medicine for Prognostic Studies (Table 1 ). When available, information on confounderadjusted or unadjusted relative risks (RRs), odds ratios (ORs), hazard ratios (HRs) with 95% confidence intervals (CI), number of studied patients, and the level of evidence of the study was included.
Surgical site infection and postoperative wound complications
There are many clinical studies showing that smokers have a higher rate of complications after surgery when compared to patients who never smoke. In a systematic review and meta-analysis 1 of 107 studies of general and orthopaedic operations, preoperative smoking (current or ever smoker) was associated with a significantly increased risk of postoperative complications including general morbidity (RR, Smokers have an increased risk of surgical site infections. Smoking was one of the six strong evidence-based independent risk factors (others were obesity, long operating times, diabetes, history of previous surgical site infection, and type of surgical procedures) for surgical site infections after spinal surgery in an analysis of 36 observational studies involving 2439 patients. 2 Current smokers had a significantly higher rate of superficial surgical site infection (p < 0.05), overall wound complications (p < 0.05), and total 30-day morbidity (p ¼ 0.04) than non-smokers, whereas former smokers also had an increased risk but it did not reach statistical significance in a retrospective review of prospectively collected data of 35,477 patients who underwent lumbar spine surgery (level of evidence, III). 3 Smoking as a significant risk factor (OR, 1.17; 95% CI, 1.03e1.32; n ¼ 41,652) of infection after spine surgery was confirmed in an analysis of 25 caseecontrolled studies (level of evidence, III). 4 Smoking was also a significant risk factor (OR, 1.83; 95% CI, 1.24e2.70; n ¼ 20,689) for periprosthetic joint infection after total joint arthroplasty in meta-analysis of eight studies. 5 A systematic review showed that, after fractures, there were nonsignificant trends towards increased superficial infection (7% vs. 4%; OR, 13.8; 95% CI, 0.91e2.07; p ¼ 0.13; n ¼ 4796; 3 studies) and deep infection (7% vs. 2%; OR, 1.48; 95% CI, 0.67e3.26; p ¼ 0.33; n ¼ 5217; 6 studies) in smokers than non-smokers (level of evidence, III). 6 In the Lower Extremity Assessment Project (LEAP) of 268 limb-threatening open tibia fractures, smokers were twice as likely to develop acute postoperative infection (p ¼ 0.05) and 3.7 times as likely to develop chronic osteomyelitis (p ¼ 0.01) than non-smokers were (level of evidence, III). 7 The largest single series of 906 consecutive surgically treated ankle fractures revealed smokers had a higher rate of postoperative complications (30.1% vs. 20.3%; p ¼ 0.005) and greater risk of deep wound infection (4.9% vs. 0.8%; p < 0.001; OR, 6) than non-smokers had (level of evidence, IV). 8 Even in knee arthroscopy with a low infection rate, smoking (OR, 1.90; p < 0.001; n ¼ 595,083) was also a risk factor for infection in a cross-sectional study (level of evidence, IV). 9
Delayed union and non-union
Smoking delays fracture healing and increases nonunion rate following fractures. A systematic review (level of evidence, III) 6 showed that smoking significantly increased the risk of nonunion for all fractures ( Smoking also adversely affects incorporation of allograft/demineralized bone matrix in bone grafting. In a retrospective cohort study of 107 patients (112 bone graft sites) using a composite graft of lyophilized cancellous allogenic chips and demineralized bone matrix to treat acute fractures with bone loss and atrophic nonunion, healing occurred in 38/56 smokers compared with 49/56 non-smokers, and smoking was characteristic in 7/9 nonunion and 11/16 fractures in failed cases (level of evidence, III). 10 A recent systematic review (level of evidence, IV) 11 showed that smokers had a significantly higher rate of nonunion after spinal fusion. There was a significantly higher nonunion after lumbar fusion in smokers in three retrospective case series of 883 patients and after 2 level fusion in another retrospective case series of 281 patients. The systematic review did not find a significant difference in fusion rate between smokers and non-smokers in posterior cervical fusion with lateral mass screw fixation (1 study of 158 patients), anterior corpectomy and strut graft (2 studies of 356 patients), and single level discectomy and fusion with allograft and internal fixation (1 study of 573 patients). Although not reaching statistical significance, a trend towards higher rate of nonunion was noted in smokers after anterior cervical discectomy and interbody fusion in two prospective comparative studies of 209 patients, and after anterior corpectomy and strut graft at 1 year in a retrospective study of 166 patients. In the subgroup analysis of 131 multilevel anterior cervical interbody fusion, a significant higher nonunion rate was reported in smokers (50% vs. 24%; p < 0.02). The systematic review suggests a significant risk of nonunion after lumbar fusion in smokers and the risk increases with the number of levels fused and the number of cigarettes consumed daily; particularly > 10. The detrimental effect of smoking on cervical fusion is less profound. Even with recombinant human bone morphogenetic protein 2 supplement, smoking remained the strongest predictor of failure and reoperation for nonunion, instrumentation failure, and/or adjacent segment disease in instrumented lumbar fusion (OR, 4.75; 95% CI, 1.48e15.24; p ¼ 0.009) in 110 patients (level of evidence, IV). 12 Besides spinal fusion, other surgical bony fusions are adversely affected by smoking. Observational studies show smokers have higher failure in ankle fusion, open wedge tibial osteotomy, hemicallotasis, and ulnar shortening osteotomy. The risk of nonunion was 3.75 times greater for active smokers than non-smokers in a retrospective caseecontrol study of 44 patients who underwent ankle fusion (level of evidence, III). 13 A delay in the osteotomy gapfilling rate in smokers compared to non-smokers was observed in a prospective series of 70 open wedge high tibial osteotomies, but the difference was not significant (level of evidence, III). 14 Complications, delayed healing, and nonunion were more common (RR, 2.5) in smokers than non-smokers in a study of consecutive 200 patients with hemicallotasis in proximal tibia for knee deformities (level of evidence, IV). 15 Of 40 ulnar shortening osteotomies in 39 patients, the mean union time was 7.1 months in smokers and 4.1 months in non-smokers, and 30% of smoker versus no nonsmokers had delayed union or non-union (level of evidence, IV). 16 Smoking was significantly associated with failure of internal fixation and bone grafting for scaphoid nonunion in two retrospective studies. Among 64 patients, 13 of 17 patients with nonunion were smokers (RR, 3.7; 95% CI, 1.3e10.1; p ¼ 0.005; level of evidence, 17 Of the 37 procedures in 34 patients, scaphoid union was obtained in only 40% of smokers compared with 82.4% in nonsmokers (p < 0.01; level of evidence, IV). 18 
Worse outcomes after spine surgery
There is less improvement in smokers after lumbar spine surgery for disc prolapse or lumbar stenosis. Of the 13,562 discectomies for primary or recurrent lumbar disc prolapse in the Swedish Spine Register, smokers had a higher dissatisfaction rate (OR, 1.75; 95% CI, 1.53e2.01; p < 0.001) and higher risk of less improvement of leg pain (OR, 1.72; 95% CI, 1.51e1.95; p < 0.001) at 1e2 years after surgery (level of evidence, II). 19 Although smokers had worse Oswestry Disability Index (ODI) compared with nonsmokers with both conservative and surgical treatment for lumbar disc prolapse with symptomatic radiculopathy than nonsmokers over 8 years in the Spine Patient Outcomes Research Trials (SPORT), smokers and non-smokers both had the same amount of relative improvement after surgical treatment (level of evidence, II). 20 Among the 4555 decompressions with or without fusion for lumbar stenosis in the Swedish Spine Register, smokers were more likely to report dissatisfaction (OR, 1.79; 95% CI, 1.51e2.12) and to continue analgesics after surgery (OR, 1.86; 95% CI, 1.55e2.23), and were less likely to improve their walking ability (OR, 0.65; 95% CI, 0.51e0.82) at 2 years after surgery (level of evidence, II). 21 Indeed, smokers were the only subgroup who did not improve significantly over 4 years after surgery for spinal stenosis in the SPORT study (level of evidence, II). 22 Of the 852 microdecompressions for lumbar stenosis in the Norwegian Registry for Spine Surgery, smokers had significantly less improvement at 1 year (4.2 ODI points; 95% CI, 0.98e7.34; p ¼ 0.01), and were less likely to achieve a minimal clinical important difference of ! 10 points ODI improvement (60.8% vs. 69.6%; p ¼ 0.008; level of evidence, IV). 23 The Norwegian Registry for Spine Surgery also showed that smokers had a higher chance of deterioration (OR, 2.10; 95% CI, 1.42e3.22; p < 0.001), as defined as an 8-point increase in ODI between baseline and 1 year after decompressive surgery for lumbar stenosis in 1735 patients (level of evidence, IV). 24 Smoking was a significant risk factor for recurrent lumbar disc prolapse following primary discectomy (RR, 1.48; 95% CI, 1.27e1.73; n ¼ 3601, 6 caseecontrol studies; level of evidence, III) 25 and was the strongest predictor of reoperation after single or multilevel laminectomy for lumbar spondylosis (OR, 2.15; p ¼ 0.01; n ¼ 500) in a retrospective case series (level of evidence, IV). 26 Smokers had significantly less improvement after surgery for cervical myelopathy, as judged from modified Japanese Orthopaedic Association score ! 16 at 1 year after surgery (OR, 0.46; 95% CI, 0.21e0.98; p ¼ 0.0.43; n ¼ 278) in a prospective cohort study (level of evidence, II) 27 or from Nurick scale at 2 years (0.6 vs. 1.53; p < 0.001; n ¼ 212) in a retrospective case study (level of evidence, III). 28 Smokers were five times more likely to have fair to poor results (Odom criteria grade 3 or 4) after posterior cervical decompression and fusion with lateral mass screw instrumentation among 158 patients (level of evidence, III). 29 Furthermore, smokers had more degenerative changes at adjacent segments after cervical spine surgery, requiring treatment or reoperation (HR, 1.75; 95% CI, 1.15e2.67; p ¼ 0.009, n ¼ 1358; level of evidence, II). 30 Surgical site infection, nonunion, and nicotine-induced disc degeneration all contribute to the worse outcomes and adjacent segment disease after spine surgery in smokers.
Worse outcomes after total joint arthroplasty
Smokers have worse outcome after total joint arthroplasty (hip, knee, shoulder, elbow, and ankle) compared to non-smokers.
Smoking was a significant risk factor (OR, 1.83; 95% CI, 1.24e2.790; n ¼ 20,689; 8 studies) for periprosthetic joint infection after total joint arthroplasty in a meta-analysis (level of evidence, IIeIII) 5 . Smoking was associated with an increased risk of wound complications (OR, 1.47; 95% CI, 1.21e1.78), particularly deep wound infection and total complications (OR, 1.18; 95% CI, 1.06e1.31) in an analysis of 78,191 primary total hip arthroplasties or total knee arthroplasties, using the American College of Surgeons National Surgical Quality Improvement Program database (level of evidence, III). 31 Using the data of 33,336 primary total hip and total knee arthroplasties in the national Veterans Affairs Surgical Quality Improvement Program, smokers had significant increased 30-day postoperative complications including surgical site infection (OR, 1.41; 95% CI, 1.16e1.72), pneumonia (OR, 1.53; 95% CI, 1.10e2.14), stroke (OR, 2.61; 95% CI, 1.26e1.72) and a higher 1-year mortality (OR, 1.63; 95% CI, 1.31e2.02) in multilevel multivariate-adjusted logistic regression models (level of evidence, III). 32 Wound infection, wound complications, pneumonia, 1-year mortality, and smoking have a negative impact on prosthesis survival. A metaanalysis of two prospective and four retrospective cohort studies of total hip arthroplasty found that smoking was associated with a significantly higher rate of aseptic loosening (RR, 3.05; 95% CI, 1.42e6.58) and all-cause revision (RR, 2.58; 95% CI, 1.27e5.22; n ¼ 8181; level of evidence, IIeIII). 33 Smokers had a higher revision rate (OR, 2.87; 95% CI, 1.33e6.19; n ¼ 436) for total knee arthroplasty than non-smokers had in a caseecontrol study (level of evidence, III). 34 In a cohort study of 1834 primary shoulder arthroplasties in 1614 patients, smokers had significantly higher risk of periprosthetic joint infection (HR, 7.27) and postoperative fracture rate (HR, 6.99) compared with non-smokers. Smokers had lower periprosthetic joint infection-free survival (p ¼ 0.001) and overall complication-free survival rate (p ¼ 0.012) than non-smokers had (level of evidence, II). 35 In another cohort of 275 patients with total shoulder arthroplasty, smokers had increased surgical complications (OR, 5.08; 95% CI, 1.96e13.11; p ¼ 0.2; level of evidence, IV). 36 The increased risk of infection in smokers also applies to primary total elbow arthroplasty (OR, 6.96, p ¼ 0.03) in a multivariate analysis of 189 patients (level of evidence, IV). 37 In a retrospective case series of 642 total ankle arthroplasties, smokers had a higher risk of wound complications (HR, 3.08; p ¼ 0.47) and less improvement in outcome scores at 1e2 years follow-up (level of evidence, IV). 38 
Worse outcomes after surgery on tendon and ligament surgery
Smoking is associated with tendinopathy and impaired tendon healing. Smoking has a negative influence on shoulder rotator cuff surgery. A systematic review of 10 studies found a significant negative association between smoking and decreased rotator cuff repair quality, decreased biomechanics, poorer clinical outcomes, and impaired healing of small to medium rotator cuff tears, as assessed by magnetic resonance imaging, and an increased need for surgical revision of superior labral anterior to posterior tears. 39 Smoking is detrimental to outcomes of arthroscopic rotator cuff surgery, with significantly less improvement in clinical scores, as judged by Constant score (p < 0.001) at 1-year follow-up of 546 patients in a registry study (level of evidence, III) 40 , or University of California at Los Angeles Shoulder Score in the subgroup with large and extensive tears (p ¼ 0.038), but insignificant in small and medium tears in another study of 296 patients (level of evidence, IV). 41 The incidence of revision superior labrum anterior and posterior (SLAP) repair or revision to biceps tenodesis (p ¼ 0.023) and postoperative infection (p ¼ 0.034) was significantly higher in smokers versus matched controls in 3083 patients who underwent primary SLAP repair (level of evidence, III). 42 Smoking almost doubled the chance of failure (OR, 1.7; 95% CI, 1.0e2.7; p ¼ 0.04) of needle aspiration of calcific deposits for calcific tendinitis of rotator cuff in a retrospective cohort of 431 patients (level of evidence, IV). 43 The clinical literature regarding the adverse effects of smoking on knee ligament surgery is well known, although less clear in knee articular cartilage surgery. A systematic review of 17 studies indicated that smoking was associated with significantly worse clinical outcome scores, an increased anterior translation (2.68 mm in smokers vs. 1.89 mm in non-smokers), and increased postoperative complication rates (infection and venous thromboembolism) after anterior cruciate ligament (ACL) reconstruction. 44 A national insurance database of 13,358 patients showed smokers had higher infection rate (2.0% vs. 0.9%; OR, 2.3, p < 0.001), higher incidence of venous thromboembolism (1.0% vs. 0.5%; OR, 1.9; p ¼ 0.035), and higher rate of subsequent ipsilateral or contralateral ACL reconstruction (12.6% vs. 7.8%; OR. 1.7; p < 0.001; level of evidence, III). 45 The Multicenter Orthopaedic Outcome Network (MOON) database of 2198 patients showed an increased infection rate in smokers (OR, 2.5; but not reaching statistical significance; level of evidence: II). 46 In a caseecontrolled study of 114 autologous chondrocyte implantations for full-thickness chondral defect of the knee, smokers had significantly less improvement in modified Cincinatti knee score 2 years after surgery (p < 0.05), with a strong correlation between the number of cigarettes smoked and the outcome following surgery (Pearson's correlation coefficient À0.65; p ¼ 0.004; level of evidence, III). 47 
Worse outcomes after microsurgery
Contrary to common belief, smoking was not associated with a greater rate of microvascular flap failure in many large retrospective series (level of evidence, IV). 48 Similarly, there was no difference in survival rate of replanted digits in smokers compared with non-smokers in three large retrospective studies of > 400 patients (level of evidence, IV). 48 Nevertheless, a high rate of cold intolerance, dysaesthesia and chronic pain was observed in patients who continued to smoke after digital replantation (level of evidence, IV). 49 Using the American College of Surgeons National Surgical Quality Improvement Program database of 40,465 patients who underwent plastic surgery, smokers had increased surgical complications (OR, 1.37; p < 0.0001), wound complications (OR, 1.49; p < 0.0001), wound dehiscence (OR, 1.84; p < 0.0001), and medical complications (OR, 1.24; p ¼ 0.0323; level of evidence, II). 50 
Conclusion
There is ample evidence that smoking has substantial adverse effects on the outcomes after orthopaedic operations. There is strong evidence showing that smoking is associated with less improvement after surgery for lumbar disc prolapse, lumbar spinal stenosis, and cervical myelopathy; higher rate of adjacent segment disease after cervical spine surgery; lower survival rate after primary shoulder arthroplasty; and surgical and medical complications after plastic surgery (level of evidence, II). Smoking is associated with increased surgical site infection after spinal surgery and fracture fixation; increased rate of periprosthetic joint infection after total joint arthroplasty; increased nonunion after fracture fixation and ankle fusion; increased rate of recurrent lumbar disc prolapse after discectomy; lower survival rate after total hip and total knee arthroplasty; worse outcome after rotator cuff repair and SLAP repair; increased complications and revision rate after ACL reconstruction; and less improvement after autologous chondrocyte implantation (level of evidence, III). Case series demonstrate that smoking is also associated with infection after knee arthroscopic surgery and total elbow arthroplasty; increased nonunion after spinal fusion, osteotomy, and internal fixation and bone graft for scaphoid nonunion; increased wound complications after total ankle arthroplasty; and worse outcome after digital replantation (level of evidence, IV).
Many patients do recognize that smoking is a major cause of lung cancer, pulmonary disease, and cardiovascular disease. However, they probably are not aware of the serious detrimental effects of smoking on outcomes after orthopaedic surgery. Being uninformed or underinformed about the negative consequences of smoking on orthopaedic operations, patients are not motivated, prepared, and ready to quit smoking before the operation, even with help and advice. Elective surgery offers a strong incentive for patients to quit smoking, and surgeons can play an important role in informing and motivating patients to quit smoking. This can result in a reduction of the postoperative harm and possibly a sustained behavioural change with a life-time beneficial impact on health.
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